Abstract Purpose: To present a rare case of bilateral conjunctival molluscum contagiosum (MC) in an HIV-positive individual who had unilateral lesion excision before induction of highly active antiretroviral therapy (HAART), and to discuss the pathophysiological consequences of immune restoration. Methods: Case report: A 40-year-old male Caucasian presented with atypical, bilateral lesions of the limbal conjunctiva due to MC. Before the induction of HAART, nodules in the left eye were excised whilst the single lesion in the right eye was left untouched. Results: The clinical diagnosis of conjunctival MC was confirmed histopathologically. Six months after the induction of HAART, the untouched lesion (right eye) had regressed and there was pronounced local injection of the conjunctiva. MC lesions did not recur after excision (left eye), and signs of inflammation were absent. Conclusion: Conjunctival MC is rare and associated with immune deficiency. To the best of our knowledge, the presented case is the first reported instance of bilateral, multi-lesional MC of the conjunctiva in an HIVpositive patient undergoing HAART. Attention must be paid to the possible complications associated with the restoration of immunocompetence.
Introduction
Molluscum contagiosum (MC) is caused by a large double-stranded DNA poxvirus, which closely resembles vaccinia [37] . It produces characteristic lesions of the skin, usually of the epidermis alone, which consist of single or multiple pale, waxy, umbilicated nodules, 2-5 mm in diameter. In the eye region, typical sites of infection are the lids [29] and lid margins, and follicular conjunctivitis or keratitis may occur in conjunction with ocular MC.
These eye-associated manifestations are most frequently encountered in young children [34] , the usual sites of outbreak in immunocompetent adults being the external genitalia, the lower abdomen and the upper thigh [42] . The infection is spread by direct contact with infected individuals in showers and swimming pools [59] and on sexual contact [18] . MC is believed to be transmitted by mechanical trauma, infection occurring by skin-to-skin contact and the virus entering through breaks in the epidermis or via the infundibular portion of the hair follicle [44] . In healthy individuals, MC is usually self-limited, the often fewer than 20 lesions tending to resolve spontaneously over a period of 3-12 months [30] . In immunocompromised patients, however, lesions may have an atypical appearance [5, 8] and be multiple and frequently confluent [4] . MC is known to be a cutaneous marker of advanced HIV infection, a circumstance that has been well documented in both adults and children [23, 28, 33, 40, 50] . Individual case reports of atypical MC have been associated with atopic dermatitis [27, 38] , sarcoidosis [17], lymphatic leukaemia [46] , T-cell deficiency [39] , treatment with prednisone and methotrexate [49] and TNF-a-antibody therapy [10] . The tendency towards recurrence in immunocompromised patients [47] implies that the immune system is important in the infection's containment and elimination. To date, several cases of ophthalmic MC in AIDS patients have been reported [7, 30, 32, 47] , but only two instances of unilateral [6] and DOI 10 .1007/s00417-004-0925-8 one of multiple, bilateral [35] lesions of the conjunctiva have been described in such individuals. We herein describe a case of multiple, bilateral lesions of the perilimbal conjunctiva due to MC in an HIV-positive individual and discuss the evolution of the infection under the influence of highly active antiretroviral therapy (HAART), which, to the best of our knowledge, has not previously been described in the published literature.
Case report

Clinical findings
In January 2002, a 40-year-old Swiss man first tested seropositive for HIV-1. Two weeks later, he was referred to our department for a routine ophthalmological check-up, which included a detailed fundus examination. The patient had an HIV-1 plasma load of 17,150 copies/ml and a CD4 T-lymphocyte count of 20 cells/l, he tested positive for CMV, and clinically he had been staged as HIV C3.
Ophthalmic findings
Visual acuity was 20/20 in both eyes without correction. Slit-lamp examination revealed tiny white nodules within the perilimbal conjunctiva of each eye: a single one at the 12 o'clock position on the right side ( Fig. 1 ) and four between 5 and 8 o'clock on the left (Fig. 2) . Each nodule contained a characteristic central umbilication. No signs of an associated follicular conjunctivitis or keratitis were apparent and perilesional conjunctival injection was minimal. 
Histopathology
Routine histopathological examination of formalin-fixed, paraffinembedded tissue confirmed the diagnosis of MC (Figs. 3, 4) . The conjunctival specimens revealed cup-shaped acanthotic epithelial lesions containing innumerable intracytoplasmic eosinophilic structures, the so-called molluscum bodies. These structures manifested a typical maturation pattern, becoming more basophilic towards the superficial epithelial layers. Neither the lesions nor the adjacent conjunctiva evinced obvious signs of inflammation.
Follow-up
Six months after the induction of HAART, the untreated lesion of the patient's right eye had undergone remarkable regression and the degree of perilesional conjunctival injection was now marked. In the left eye, MC lesions had not recurred and the excision sites were without apparent inflammation. At this time, the patient had an HIV-1 plasma load of 39 copies/ml and a CD4 T-lymphocyte count of 88 cells/l. Molluscum contagiosum is the sole member of the genus Molluscipox and the last member of the Poxviridae family to specifically infect humans [13, 36] . MC infections received little attention until the advent of the AIDS epidemic, when extensive and recalcitrant MC lesions emerged as an important cause of disfigurement and morbidity [9, 31, 33, 51] . MC most closely resembles variolae vaccinus, sharing its characteristic ability to replicate entirely within the cytoplasm [36] , and the feature of the restricted host range, with man being the only natural host that can support virus replication [36, 52] . Ocular manifestations of MC cover a broad spectrum. Apart from the well-known eyelid involvement, chronic follicular conjunctivitis [14] , corneal micropannus and epithelial keratitis have also been described. Across Europe, Asia and South America, 12 cases of solitary conjunctival lesions have been reported [1, 6, 12, 21, 26, 27, 43, 54, 57] , but in only three instances were histopathological findings presented [1, 6, 43] [56] , are successful in healthy individuals but tend to fail in HIV-infected patients due to recurrence [31] .
All previously documented cases of epibulbar MC have occurred in healthy, non-immunosuppressed patients [54] . To our knowledge, only one other case of bilateral conjunctival MC in an HIV-positive patient has been published to date [35] . That patient was a 40-year-old African man who had first tested seropositive for HIV 4 years previously, at which time he had a CD4 T-lymphocyte count of 70 cells/l. Infection was disseminated, with MC lesions being apparent on the face, the trunk and the genitalia; these had been treated repeatedly by curettage and cryotherapy within the preceding year. In our patient, no MC lesions were apparent within the lower or upper lids and perilesional conjunctival injection was minimal. Six months after the induction of HAART, the non-excised lesion in the right eye had undergone substantial regression and perilesional injection of the conjunctiva was marked, a sign that the cell-mediated immune function had recovered. Neither chronic follicular conjunctivitis nor eyelid involvement were apparent. In the left eye, excised lesions had not recurred.
In contrast to other poxviruses, MC invokes but a poor cellmediated immune response [52] , an observation that has been corroborated at the molecular level. Senkevich et al. [52] demonstrated that of the 163 potential proteins encoded by the MC genome, 103 have homologues in the variola (smallpox) virus; however, MC lacks almost all of the variola virus genes that are responsible for host-virus interaction. Most investigators have reported infiltration of the normal dermis with T-lymphocytes to be poor around stable or eruptive MC lesions [25] , but profuse around regressing [55] or traumatised [24] ones. Our own histological observations confirm these findings. Immunohistochemical analyses using T-cell markers revealed a mere scantling of T-lymphocytes within the subconjunctival stroma around MC lesions. In keeping with previous reports, which have shown MC lesions to be completely devoid of immunocompetent cells [25, 58] , we likewise observed no T-cells within the lesions themselves; and perilesionally, only a few CD-68-positive macrophages were encountered. The scarcity of macrophages may relate to the circumstance that, whilst one of the MC-virus-coded proteins aligns with the human macrophage inflammatory protein 1-b, it nevertheless lacks the NH 2 -terminus involved in monocyte activation [52] . Clinically, none of the lesions were obviously inflamed. Furthermore, molluscum bodies manifest no reactivity to the b 2 -microglobulin [58] . This lack of expression of HLA class-I antigens may be related to the presence of three MC gene products which interfere with host defence.
The virtual absence of inflammatory cells from the neighbourhood of infected cells containing molluscum bodies in healthy as well as in immunocompromised individuals suggests that the cellmediated immune response within these lesions is ineffective, which may account for the chronicity. In contrast to the clinically obvious erythema and diffuse follicular conjunctivitis observed in immunocompetent persons, the conjunctival inflammatory reaction in immunocompromised patients may be comparatively mild or even clinically absent [30] . In immunocompetent individuals, MC lesions are limited in number and tend to remain stable or even to regress spontaneously, which suggests that the cell-mediated immune response is of borderline efficiency. In AIDS patients, however, MC lesions are numerous and tend to persist or recur, and the infection is frequently disseminated to other sites. This finding suggests that in immunocompromised individuals, the cell-mediated immune response is even less efficient than in immunocompetent ones. Against this background, it is therefore not surprising that MC can serve as a marker for advanced HIV infection [31, 45] and that the occurrence of this disease correlates statistically with a low CD4 T-lymphocyte count [20] . Perez-Blazquez et al. [41] have proposed that in advanced HIV infection, MC lesions of the eyelid occur when the CD4 T-lymphocyte count lies below 80 cells/l.
It is not known whether the infection of HIV-positive individuals with MC represents de novo infection, acquired by bodily contact, or the reactivation of a latent condition [42] . MC is capable of inducing the formation of a variety of circulating antibodies [53] , but the paucity of B-lymphocytes and of neutrophils and the tendency of recurrence suggest that humoral immunity plays but a minor role in the local immune response.
The effectiveness of treatment strategies in immunocompetent individuals may lie partially in the newly gained access of sensitised T-lymphocytes and other inflammatory cells to previously "walled off" virus-infected cells [7] , a mechanism that is apparently not operative in HIV-positive patients. After the induction of HAART in individuals with advanced HIV infection, restoration of immune function [15] leads to a decrease in viral load and an increase in the CD4 T-lymphocyte count [3, 11] . An inflammatory response could thereby be elicited within tissues infected by pathogens, such as CMV or myobacteria, a condition referred to as immune-restoration syndrome. In our patient, restoration of immune function carried the risk of an inflammatory response being mounted against the non-excised MC lesion (right eye), which could have led and still can lead to corneoscleral ulceration and ultimately to spontaneous perforation [60] . On the other hand, restoration of immunocompetence also accounted for the satisfactory postoperative course following the excision of lesions in the left eye-whereby local viral particles and antigens were removed-without local recurrence or severe inflammation. It is for these reasons that we opted to split the risk by performing surgery only in the eye that was more severely affected by MC. This is the first documentation of a local inflammatory reaction in association with the spontaneous resolution of a MC lesion. This response is probably attributable to the restoration of immunocompetence by HAART.
In conclusion, physicians should be aware of the risks associated with the local persistence of antigen deposits before restoring immune function and should control their patients carefully with a view to averting local complications. 
